Health care-associated infections are serious public health issues because they contribute to patients' mortality and morbidity, 1 increase patient hospital stays, and present a significant health hazard for health care workers and patient family members. 2 Infection rates in low-and middle-income countries may exceed 25% 3 and place a significant economic burden on an already taxed health care system. 4, 5 Standard precautions (SPs) are considered fundamental protective measures to manage health care-associated infections and to reduce occupational health hazards. 6 SPs are motivated by the principal that all patients are potentially infectious, and therefore precautions should be used to manage risk. SPs guidelines suggest hand hygiene procedures; the use of protective barriers, such as gloves, masks, and goggles; appropriate handling and disposal of sharps and other contaminated or infectious waste; and use of aseptic techniques. 6 Studies suggest that use of SPs in low-and middle-income countries is low. 7 Nurses' adherence with SPs has an effect on reducing health careassociated infections, cross-infections between nurses and patients, and among patients, which in turn maximizes efficiency of health care resources. 8, 9 Nurses are frontline health care workers and therefore have the most direct contact with patients. 10 Globally, the level of SPs compliance, knowledge, and attitudes among health care workers is low. [11] [12] [13] Previous research indicated that the compliance rates of SPs among nurses ranged from 9.1%-73%, 14, 15 indicating a pressing need for improvement. The compliance rate was 69.4% among 560 nurses in Brazil and 57.4% among 260 nurses in Hong Kong. 16 Inadequate adherence to SPs includes failure to follow hand hygiene guidelines, failure to use barrier devices during exposures to body fluids, and performing needle recapping. 6 Lack of knowledge of SPs is directly related to nurses' noncompliance. 17 Ideally, SPs training should be completed early in nurses' training as part of a formal education curriculum. The majority of nursing students do not receive comprehensive SPs and occupational exposure education in China. One survey of 1,444 nursing students indicated that 722 students (50%) did not receive any SPs education. 12 A survey of 246 nursing students reported 1,144 needlestick injuries during internship, which revealed universal exposure in this study to bloodborne pathogens and possible infection. 18 Educational programs are needed to improve SPs compliance, knowledge, and attitudes among nursing professionals. Studies also suggest that compliance of nursing students with SPs significantly improves after education interventions. 19, 20 However, few SPs education intervention studies with nursing students are conducted in mainland China. The current study assessed the effectiveness of a mixed media education intervention for nursing students to enhance their knowledge, attitude, and compliance with SPs.
We made the following hypotheses: Compared with controls, nurses who complete the intervention will: 1. Have a higher level of knowledge on SPs, 2. Report a more positive attitude to SPs, 3. Report greater compliance with SPs, and 4. Have a higher hand hygiene passing rate.
METHODS
This study received approval from the ethics committee of the nursing school and the target hospital. The research process and objectives were explained to the participants. Written informed consent was obtained from all study participants. Permission was obtained from the authors of all questionnaires and scales used in this study.
Study design
A 2-arm randomized controlled trial with pretest and posttest assessment was used. The study was conducted between May 2013 and June 2014. A random number table was used to assign participants to intervention and control groups. The intervention group received 3 biweekly mixed media education sessions, which consisted of lectures, videos, role-playing, and feedback. Participants also received 15-20 minutes of individual online supervision and feedback sessions from researchers on their practice following each class. The control group learned about SPs through self-study. The study materials were sent via e-mail by researchers to members of the control group twice-after the intervention group's first session and after the second session. They also had regular access to their clinical teachers for SPs instruction and general clinical guidance. For pretest, nursing students were invited to complete the demographic questionnaire and scales. Hand hygiene swab cultures were obtained after handwashing before nursing procedures during their work time. For posttest, after the intervention nursing students were invited to complete the scales during the break time of their clinical practice. Hand hygiene swab culture procedures were repeated for the posttest.
Sample and setting
Internship for nursing students in China usually lasts from the final summer of training to the following spring (at least 8 months). It is the final year of nursing education, which involves rotations through different clinical departments in the general hospital. 21 Eighty-four nursing students from 1 nursing school were recruited from the inpatient units at a large teaching hospital in Hubei, China. The teaching hospital we chose is affiliated with among the best universities in China. It is a Grade-III Class-A facility (the largest and most comprehensive research and teaching hospitals according to the Chinese Hospital Ranking System) with a 3,300-bed hospital. Eligible participants were nursing students at the beginning of clinical training. Half of the sample (n = 42) was randomly assigned to the intervention group and another half to the control group. Previous studies of the effectiveness of mixed education programs for nursing students used a target effect size of 0.35. 22,23 G*Power 3 (http://www.gpower.hhu.de/en.html) was used to calculate the sample size. 24 At a statistical power of 0.80, a sample size of 70 was necessary to assess pre-post mean group differences with effect size of 0.35 and a significance level of 0.05. 25 Considering a 20% dropout rate, 26 a total of 84 participants was needed, with 42 in each group. Two participants from each group were lost to followup during the study due to interviewing for nursing jobs.
Intervention
The intervention was carried out during 3 biweekly sessions (Fig 1) . During the first session (2 hours), the researcher (PX) gave lectures to review the principles of SPs; basic principles of infection control, including recognized interventions to break the chain of transmission of infectious agents; the biology of the hepatitis viruses and HIV; routes of transmission of bloodborne pathogens; occupational risks; and potentially risky personal behaviors. During the second session (2 hours), the researcher (PX) showed videos to demonstrate correct SPs procedures, such as how to properly wash hands, wear sterile gloves, and wear isolation gowns and personal protective equipment. The third session (2 hours) consisted of small group (6-7 participants per group) discussions focusing on the principles of SPs and their application in clinical practice. Role-playing exercises were facilitated during this session. The nursing students played the roles of teachers and students in small groups to assess and demonstrate correct SPs procedures with each other. The SPs procedures script, which included handwashing, wearing sterile gloves, wearing isolation gowns, and wearing personal protective equipment, was prepared by researchers and hospital infection management office staff members. The nursing students in the intervention group attended these 3 sessions at the same time.
The researchers also set up an online learning group for the intervention group using Tencent QQ (a popular communication platform in China; Tencent Inc., Shenzhen, China). Lecture slides, videos, and documents from the Ministry of Health in China and World Health Organization Guidelines on SPs and hand hygiene were uploaded. Tencent QQ also served as a discussion platform to facilitate learning. The researcher answered questions from the nursing students on this online platform. For each participant, a 15-20 minute one-on-one telephone call was made to review the session material and collect feedback following each session of the intervention. The following question was asked by the researcher of each nursing student: "How do you feel about implementing SPs during these 2 weeks?" "Did you review the materials I uploaded?" "Do you have difficulties understanding these procedures?" "Did you perform your nursing procedures using standard precautions?" and, "Do you think it's useful for you? If so, please continue. If not, could you share your thoughts with me?"
Measures Knowledge with Standard Precautions Questionnaire
Knowledge was defined as understanding the definition and application of SPs, safety procedures, and precautions when using sharp objects. There are 42 items on the Knowledge with Standard Precautions Questionnaire (KSPQ). 27 Responses are "yes," "no," or "not sure." A score of 1 is given for each correct answer. Total score ranged from 0-42. Content validity was rated by an expert panel to be good (content validity index [CVI] = 0.92). 28 Two-week test-retest reliability was excellent (Cronbach's α = 0.94) in the original scale development study. 27 Alpha in the current study was 0.76.
Attitude with Standard Precautions scale
Attitude was defined as how participants react to implementing SPs procedures according to the infection control principles at a suitable time. 29 The Attitude with Standard Precautions (ASPS) scale was developed in Chinese to measure nursing students' attitudes on 5 dimensions of SPs. 27 A total of 34 items assessed the following dimensions: Risk Perception, Efficacy of SPs, Barriers to Implementing SPs, Favorable Conditions for Action, and Assessment of Self-Efficacy. All items were scored on a 5-point Likert scale from 1 = "strongly disagree" to 5 = "strongly agree." Total score ranged from 34-170. Content validity was rated by an expert panel to be good (CVI = 0.89) 28 and 2-week test-retest reliability was good (Cronbach's α = 0.88) in the original study. 27 Alpha in the present study was 0.84.
Compliance with Standard Precautions Scale
Compliance in health care settings was defined as following the prescription guidance, instructions, and advice from physicians. 30 The Compliance with Standard Precautions (CSPS) scale was an English-version scale developed to measure nurse compliance with infection control practices outlined by the Centers for Disease Control and Prevention. 31 In total there are 20 items on a Likert-type scale ranging from 1 = "never" to 4 = "always" and the total score ranged from 20-80. It was validated among nursing students. 32 Internal validity index was 0.90, and Cronbach's α was 0.73. The scale author granted permission for translation and validation. The Chinese validation process of the CSPS was that the original English scale was translated into Chinese by 2 bilingual translators. The Chinese translation was reviewed and revised by a study author (XW) and the translators and another 2 bilingual translators back-translated the revised Chinese translation into English. The back-translated English scale was then reviewed and finalized by another study author (JZ) and the translators. Finally, the author of the CSPS was invited to assess the quality of the Chinese translation by looking at the backtranslated scale and the original. A pilot study was done with 30 nursing students (participation rate and recovery rate were both 100%). Cronbach's α was 0.88 and CVI was 0.95 by a panel of 5 nursing experts, indicating good reliability and validity of the scale. 33 
Bacterial colony measurement
The Bacterial Colony Index 34 is an indication of the effectiveness of handwashing. According to the Chinese Center for Disease Control and Prevention, qualified total aerobic bacterial counts should be lower than 10 CFU/cm 2 in general units and lower than 5 CFU/ cm 2 in operating rooms. 34 The following steps were employed to measure hand hygiene: 34 the researchers asked participants to wash their hands using their usual handwashing habit before nursing procedures; as soon as their hands were dry, with palms facing up, the researchers used 1 sterile cotton swab to sample 5 fingers of both hands from top to bottom; the cotton swabs were put into sterile tubes within 2 hours of collection; the swab cultures were sent to a microbiology lab to test for bacteria growth; and results were available after 48 hours.
Participant characteristics
Age, gender, education level, history of SPs education, motivation to be trained, history of hepatitis B vaccine, history of needle puncture exposure during clinical rotation, and willingness to report needlestick incidents. Data analysis STATA 14.0 (StataCorp, College Station, TX) was used in the analysis. Descriptive statistics, including frequency, mean, and standard deviation were used to summarize demographic data and study outcome measures. Repeated measures mixed model approach was performed to evaluate the intervention efficacy of the KSPQ, ASPS, and CSPS. The χ 2 test and Fisher exact test were used to evaluate the passing rate of hand hygiene after the intervention. The statistically significant level was set as P < .05 with 2-tailed tests.
RESULTS

Participant characteristics
Average age of participants was 20.31 ± 0.78 years, and 82 nursing students had an associate's degree or beyond. Ninety-two percent were full-time nursing students. Only 23.81% of nursing students received related infection control information. A strong desire to receive training was reported by 54.76%. Among nursing students, 33.33% did not have the hepatitis B vaccine before participating in this study and only 12 students stated that their hepatitis B antibody was positive. Nearly half (47.62%) were exposed to needle puncture during their clinical rotation. The majority of those exposed (85.71%) indicated that they were willing to report a needle puncture incident if it occurred. Characteristics are presented in Table 1 .
Baseline assessment
Average baseline score in the control group for knowledge was 34.57 ± 3.78 on the KSPQ (range, 0-42), attitude was 128.36 ± 7.19 on the ASPS (range, 34-170), and compliance was 61.64 ± 5.93 on the CSPS (range, 20-80). Average baseline score for the intervention group for knowledge was 34.50 ± 4.62 on the KSPQ, attitude was 128.81 ± 7.34 on the ASPS, and compliance was 62.67 ± 5.88 on the CSPS. Only 31 (36.9%) out of 84 nursing students passed the hand hygiene standard. Results are presented in Tables 2 and 3 .
The 3 items of the KSPQ with lowest scores were: "Do you know what SPs are?" for which 9.52% answered correctly; "We only need to take SPs when we take care of hepatitis C or syphilis patients," for which 46.43% answered correctly; and, "We should wear gloves when we are drawing blood and doing venipuncture," for which 47.62% answered correctly.
The 3 items of the ASPS with lowest scores were in the dimension Barriers to Implementing SPs. The specific items were, "Some blood and body fluids are unpredictable," for which the mean score was 1.88 ± 0.73; "I could not always follow SPs because the patients' needs came first," for which the mean score was 2.55 ± 0.99; and, "I had not enough time to follow SPs because I was busy," for which the mean score was 2.81 ± 0.89. The 3 items of the CSPS with lowest scores were: "The sharps box is disposed only when it is full," for which the mean score was 1.90 ± 1.01; "I wear a gown or apron when exposed to blood, body fluids, or any patient excretions," for which the mean score was 2.42 ± 1.07; and, "I recap used needles after giving an injection," for which the mean score was 2.45 ± 1.03.
Intervention result
Pre-and post intervention within-group comparisons were analyzed (see Tables 2 and 3 ). Nursing students in the intervention group reported significantly increased scores on knowledge (KSPQ, from 34.50 ± 4.62 to 41.28 ± 0.93; P < .01), attitudes (ASPS, from 128.81 ± 7.34 to 136.65 ± 6.47; P < .01), and compliance (CSPS, from 62.67 ± 5.88 to 72.55 ± 3.46; P < .01), whereas no significant change was found in the control group. For hand hygiene, both the intervention group (42.9%-95%) and the control group (31.0%-57.5%) performed better at week 6 than the pre intervention level (P < .01 and P < .05, respectively).
Posttest comparison between groups was also conducted. At the end of the third session (week 6), the intervention group had significantly higher scores than did the control group on knowledge (KSPQ, 41.28 ± 0.93 vs 35.98 ± 3.87; P < .01), attitudes (ASPS, 136.65 ± 6.47 vs 129.83 ± 8.64; P < .01), and compliance (CSPS, 72.55 ± 3.46 vs 62.63 ± 6.52; P < .01). For hand hygiene, the passing rate in the intervention group (95.0%) was significantly higher than that of the control group (57.5%; P < .01).
DISCUSSION
The present study demonstrated the significant effect of a mixed media intervention for nursing students at the beginning of clinical training. Compliance with the intervention was high. Our study also indicated that nursing students demonstrated low levels of knowledge and application of SPs, which further highlights the need to implement interventions to improve SPs uptake.
Infectious disease rates in China may in part be driven by poor infection control in hospitals, presenting a critical public health challenge. For example, 7.2% of the population younger than age 59 years are hepatitis B positive, 35 the estimated rate of hepatitis C virus range NOTE. Values are presented as mean ± standard deviation or n (%). Bachelor's degree is 4-year nursing program after senior high school education, associate's degree is 3-year nursing program after senior high school education, and diploma is 3-year nursing program after junior high school education. "Motivation to be trained" was assessed by asking question, "Do you have willingness to get standard precautions training?" from 1.0%-2.9% in China. 36, 37 In this study, approximately onethird of nursing students did not receive hepatitis B vaccines and only one-sixth knew their hepatitis B antibody status. It was well known that injuries from sharp objects could cause transmission of hepatitis B and C, HIV, syphilis, brucellosis, malaria, and other infectious diseases. 38 This knowledge among our study participants did not prevent their direct exposure. A needlestick incident during clinical practice was reported by 47.62% of the students, compared with another study documenting 1,144 needlestick injuries among 246 Chinese nursing students during internship. 18 Mixed media education interventions may help to improve this situation. The baseline surveys showed that most nursing students in this study did not receive any formal SPs training, despite being taught about infection control. They do not know the SPs or how to put them into practice. The main factor identified that influenced adherence to SPs were lack of SPs training in China. 12 In China, there is a lack of a compulsory curriculum on SPs and infection control courses in nursing schools at associate, bachelor's, and master's degree levels. The infection control-related chapters in fundamental nursing and surgical nursing textbooks are very limited and not fully taught, 39, 40 and there are no specific courses on SPs or infection control. More than 85% of nursing students receive infection control knowledge from their clinical teachers. 41 The usual practice is to follow the school curriculum, which does not explicitly teach about SPs. One survey in 2010 demonstrated that half of 1,444 nursing students did not receive any SPs education at all at school. 12 Most nursing students receive partial SPs knowledge when they start their clinical practice, either taught by their clinical instruction teachers or learned from other sources.
Baseline attitudes about SPs were not high and this was consistent with previous studies among clinical nurses, surgeons, and physicians. 17, 42 This may be in part due to the lack of knowledge of SPs. Low scores were observed for items that measured barriers to implementing SPs. The reason for this may be that the baseline assessment occurred at the beginning of students' clinical rotations. They may not have had enough clinical experience and a lack of exposure to observe and learn in the isolation, infectious diseases, or surgical departments. Therefore, they did not recognize the importance of SPs. On the other hand, nursing students may not be able to obtain a patients' complete medical history, including the history of HIV, hepatitis B virus, or other infectious diseases. In previous studies nursing students did not pay enough attention to SPs due in part to the fact that some patients and their family members did not review or did not know their infectious status. 43 Compliance with SPs should be practiced at all times during clinical practice.
The mixed media education intervention implemented at the beginning of clinical training was effective in improving knowledge, attitude, and compliance with SPs as well as hand hygiene among nursing students. After the mixed media education intervention, nursing students in the intervention group reported greater knowledge of SPs than did those in the control group, including the principles of SPs and infection control, occupational risks, and potentially risky personal behaviors. Nursing students in the intervention group also improved their positive attitude about SPs more than did those in the control group. In particular, their attitude about the "efficacy of SPs" and "favorable conditions for action" improved. Finally, nursing students in the intervention group P overall is the effect of repeated measures mixed model; P1, P2, and P3 is the effect of intervention at each time and in each group with contrast command. P1 compares the pre-and posttest in the control group, P2 compares the pre-and posttest in the intervention group, and P3 compares the posttest between control group and intervention group. ‡ Score ranges from 0 to 42. § Score ranges from 34 to 170. ASPS has the 5 dimensions. Dimension 1 is "risk perception," 5 items, score ranges from 5 to 25; dimension 2 is "efficacy of SPs," 8 items, score ranges from 8 to 40; dimension 3 is "barriers to implementing SPs," 8 items, score ranges from 8 to 40; dimension 4 is "favorable conditions for action," 8 items, score ranges from 8 to 40; and dimension 5 is "assessment of self-efficacy," 5 items, score ranges from 5 to 25. || Score range from 20 to 80. *P < .05. **P < .01. improved their compliance with SPs more than did those in the control group. For example, washing hands, wearing gloves, donning personal protective equipment at the proper time, and putting used sharp articles into sharps boxes all improved. For hand hygiene, the control group's increase in passing rate may have been due to gaining knowledge and practice tips from their clinical teachers. However, the intervention group still outperformed the control group on hand hygiene.
LIMITATIONS
To our knowledge, this is the first intervention study where a mixed media approach with an objective outcome measure of behavior change was used to deliver SPs training in mainland China. The study used validated and reliable measures appropriate to the Chinese context, and used an objective outcome measure of behavior change. 31, 32 There were several limitations. First, the sample size was small. Although this is appropriate for a pilot test of a new intervention, future studies should include a larger sample size. Relatedly, the study was conducted in 1 hospital. A multicenter study would be ideal to confirm that the comprehensive nursing intervention model is effective and scalable. Finally, the present study is limited by its pre-post design. Future studies are needed with longer-term follow-up periods to know the durability of improvements in knowledge, attitude, and compliance with SPs.
CONCLUSIONS
Mixed media education intervention can improve nursing students' level of knowledge, attitude, and compliance with SPs. Increased use of SPs is of vital importance to protect the health of nurses, patients, and other health care professionals from health care-associated infections. Improvement of SPs deficiencies is desperately needed because emergent cases of H7N9, Ebola virus disease, Middle East respiratory syndrome, and Zika virus will expose Chinese nurses to infectious disease. There is an urgent need from policy makers, nursing school teachers, and hospital trainers to reduce SPs deficiencies among nursing students. For teaching hospitals, forming a team of professional staff to serve as trainers to implement SPs is vital. Applying SPs education throughout clinical rotations allows students to strengthen their awareness and practice of SPs.
